The deoxyribonucleic acid base composition (percent guanine + cytosine [GC] Extensive studies have been conducted on the significance of deoxyribonucleic acid (DNA) base composition (moles percent of guanine + cytosine [%GC]) in the taxonomy and systematics of bacteria (7, 13, 15) . During the past several years a number of contributions on the base composition of fungal and yeast DNA and its taxonomic implications have appeared (4, (17) (18) (19) (20) (21) 28 ). We present the results of a comprehensive study conducted on the 18 species included by van der Walt in the genus Kluyveromyces (33).
and systematics of bacteria (7, 13, 15) . During the past several years a number of contributions on the base composition of fungal and yeast DNA and its taxonomic implications have appeared (4, (17) (18) (19) (20) (21) 28 ). We present the results of a comprehensive study conducted on the 18 species included by van der Walt in the genus Kluyveromyces (33) .
This genus was established (30) for a newly discovered budding, fermentative yeast species, Kluyveromyces polysporus, which forms large, multispored asci containing as many as seventy or more reniform to long oval spores. A second species, K. africanus, producing up to 16 spores per ascus, was also described (31) . Characteristic of the asci of these two species was their early rupture at maturity, releasing the spores.
In 1965, following a series of controversial approaches to the taxonomy of the species forming reniform spores (2, 9, 10, 22, 34) , van der Walt (32) emended the diagnosis of the genus Kluyveromyces on the assumption that multispored species constitute only a separate line of development among the species which normally form only four spores. He included in Kluyveromyces all of the species formerly referred to as Fabospora and Zygofabospora Kudriavzev, Dekkeromyces Wickerham et Burton (nomen nudum) and Guilliermondella Boidin et al. Only species whose asci rupture at maturity were included; the shape of the ascospores was considered less important because the genus now includes organisms whose spore morphology may vary from crescentiform, reniform, oblong with obtuse ends, prolate-ellipsoidal, or spheroidal.
The controversy again came into focus when Santa Maria and Sanchez (25) 24 hr. The broken cells were then treated with Pronase to destroy the activity of deoxyribonucleases. The DNA was then purified by the normal routine. Full details of this modified method will be published elsewhere.
Good yields of spoolable DNA were obtained by these methods. Selective extraction of parts of the nuclear genome does not appear to be a problem in view of the very good agreement between GC percentages of different strains of the same species and literature values available for some of the species (see Table 2 ). DNA extracted by the modified Marmur method (16) contained very low levels (from barely detectable to 5%) of mitochondrial DNA (m-DNA), based on scanning distributions of DNA molecules subjected to isopycnic centrifugation in cesium chloride. DNA extracted from acetone powder contained a higher level of m-DNA (up to approximately 12% in the case of K. delphensis). The presence of m-DNA does not appear to interfere with the determination of %GC by the melting procedure (14) as seen in Table 2 by the excellent agreement of %GC for K. delphensis obtained by the Marmur method (16), the Knittel (8) method (which is not affected by m-DNA), and by buoyant density determination (26) . The rather low %GC of the m-DNA in this genus (approximately 25%, based on unpublished observations in our laboratory) is undoubtedly an important reason for its noninterference in measuring %GC of the nuclear DNA.
Determination of the melting point (Tm). The thermal denaturation temperature was determined by the method of Marmur and Doty (14) with a Gilford model 2400 automatic recording spectrophotometer, the samples containing ca. 20 ,ug of DNA/ml. A standard DNA preparation (Candida lusitaniae UCD no. 68-36, Tm = 88.5, representing the mean value of more than 200 determinations) was included in every determination as a control.
In addition to the usual graphical procedure for the determination of the melting point, another technique (8) was used, which is based on the plotting of absorbancy values against temperature on normal probability graph paper. The 50 percentile point on the best straight line furnishes the Tm value. As stated above, this method measures only the main DNA species (in this case nuclear).
This procedure also permits a convenient calculation of 2-sigma values (total of mean plus and minus 34% on the graph) which represents (3) twice the standard deviation of the compositional distribution of the nucleotide pairs in the DNA molecules in the sample. Different 2-sigma values reflect a different base distribution in samples having the same Tm value.
Determination of the base composition from buoyant density values. The methods described by Schildkraut et al. (26) and Szybalski (29) 
RESULTS
Isolation of DNA in a highly polymerized form was easily realized for the majority of the strains. Poor yields and lack of spoolable DNA were noted for K. aestuarii, K. africanus, K. delphensis, and K. veronae, when fresh cells were used. However, by starting with an acetone powder of these species (see Materials and Methods) satisfactory results were obtained.
All of the DNA samples extracted by the modified Marmur technique (16) were characterized by monophasic temperature-absorbancy curves, confirming that by this isolation procedure negligible or at most very minor DNA components of mitochondrial origin contaminated the nuclear DNA. The DNA samples from acetone-precipitated cells, which contain somewhat higher levels of mitochondrial DNA, sometimes showed a slight rise in optical density during melting before the rise in optical density occurred due to melting of the nuclear DNA. In such cases the base line of optical density was taken after the initial rise subsided. The results, based on two procedures for determining Tm values and in several cases on buoyant density measurements, are presented in Table 2 , which also lists literature values for base composition of those species for which such values have been published. The hyperchromic shifts of the DNA samples which were subjected to melting varied between 34 and 40%. The overall range of GC contents for species of the genus is summarized in Table 3 . The values are based on the average figures for the type strains of each species based on columns 2, 3, and 4 (as far as available) in Table 2 . It appears that on the basis of GC contents the multispored species K. polysporus and K. africanus cannot be separated from the remaining four-spored species. This finding does not support the proposal (25) to place the four-spored species in a separate genus Dekkeromyces. On the other end of the range, however, K. veronae is separated from the rest of the species by a significant gap in GC level. In view of the conjugation behavior of cells prior to sporulation, van der Walt (33) stated that he placed this species only provisionally and for purely practical reasons in the genus Kluyveromyces.
Our work has now revealed in addition the high GC content of the nuclear DNA in K. veronae. The two California strains showed a somewhat lower GC content than the type strain which was isolated in Italy. Two different strains studied in Japan (21) by the melting procedure gave the lowest values. Possible causes may include taxonomic criteria of the strains used and procedural or equipment variation. In any event there does appear to be more variation between K. veronae strains with respect to GC levels than is the case for the other species of which a number of strains have been studied. Reasonable agreement between our values for three strains suggests that K. veronae, in spite of its relatively high GC content, be retained tentatively in the genus Kluyveromyces until future studies will resolve its taxonomic position. For the present, van der Walt's grouping (5) could be improved by moving K. veronae from Group 5 (Table 4) to a monotypic sixth group. Group 6 would then be characterized by spheroidal ascospores, a GC content of approximately 46 to 47% GC, a requirement for biotin and inositol, and sensitivity to cycloheximide.
With this exclusion the genus is relatively homogeneous with respect to GC range, spanning from 35.3 to 43.4% GC, a narrower range than is found for most genera of the Hemiascomycetes (18) (19) (20) (21) . Two groups of species can be recognized (Table 3) . Group I includes those with the lowest GC content (35.3-38.0%). Among these four species K. polysporus shows a significantly lower GC level. The remaining species (K. veronae excepted) are placed in Group II. Subgroup HA lists those with GC levels around 40 to 41%, whereas the GC percentage in subgroup IIB is around 43%. Van der Walt (33), on the basis of number and shape of the ascospores and on the basis of assimilatory and fermentative properties, suggested arrangement of the species in five groups as shown in Table 4 . Starting with the column headed by %GC and going to the right we have entered a number of additional properties of the various species. Van der Walt (33) considers the species of the first two groups as the most primitive in the genus. Those in the second group were separated because of the multispored asci which they produce. It seems to us that although the majority of the five species in these two groups have a relatively low GC content, they constitute a rather heterogeneous group on the basis of the various properties listed. K. delphensis, on the basis of GC content, seems to fit better with the species of groups 3 and 4 which van der Walt separated on the basis of disaccharide splitting ability. Since disaccharide utilization may be controlled by a single gene, species separated by such a criterion (commonly done in yeast taxonomy) could have extremely similar genomes. The data in Table 4 indicate that the species in van der Walt's groups 3 and 4 show two levels of GC content but form otherwise a fairly homogeneous group. eAftr van der Walt (33) . ' Proton magnetic resonance (p.m.r.) spectrum groups established by Gorin and Spencer (6) . ' + denotes that good growth occurs in the presence of 100 mg of cycloheximideAiter.
h Data not available.
If, as suggested above, K. veronae is eliminated from the fifth group (species with spherical spores), the remaining organisms also form a rather homogenous group, with the possible exception of K. aestuarii which has a lower %GC and is cycloheximide-sensitive. As far as they have been determined, the proton magnetic resonance spectra of the cell wall mannans (6) seem to correlate poorly with any of van der Walt's groupings or with GC levels (Table 4) . Whether the spore shape of the species in group 5 is highly significant seems doubtful in view of the fertile hybrids prepared by Wickerham and Burton (34) between K. lactis and K. marxianus (syn. Zygosaccharomyces ashbyi).
Several of the species of Kluyveromyces appear to be very similar and differ only in a single fermentative or assimilatory reaction on a particular sugar. For example, K. bulgaricus differs from K. cicerisporus only by the positive cellobiose assimilation of the latter. K. wikenii differs from K. bulgaricus only by its inability to assimilate lactose. The GC contents of the DNA of these species are the same within experimental error, as are also the 2-sigma values. Bicknell and Douglas (1) have already demonstrated that K. marxianus and K. fragilis, which differ in the fermentation of lactose (weak or negative in the former and positive in the latter), show a high degree of DNA-DNA homology and may therefore be
